This article will present data to show that under the environmental conditions existing at a site in the highlands of Guatemala, it was possible to produce enough food from one hectare of land to supply a high-quality diet at relatively low cost for a family of five with a surplus left over to feed other people. The model of production was based on research findings on ways to improve the quality of staples and incorporated the results of such research into diets of adequate nutritional value and reasonable cost. These concepts will become evident in later sections of the article. The model used and its implementation has many drawbacks and weak points, and its transfer to practical situations may be almost impossible to achieve. However, it deserves analysis and criticism, and this is the reason for its publication.
Source: Flores et al. [1] .
As seen in the first column, the diet contained 17 different food items, of which 14 can be produced on the farm. Edible oil, sugar, and coffee were items which had to be purchased. Of the 14 other items, not all can be produced under the same environmental conditions. This diet, designed with complete knowledge of the quality and quantity of foods consumed by rural people in Guatemala, has some aspects which must be emphasized. First of all, the diet respects the food habits of the people, including corn and beans, the two basic staples of the Guatemalan diet, as important food items [2] . The diet also includes milk, eggs, and meat, which the country hopes to have as a result of agricultural research, since animal products are not unknown entities in the rural home. The diet was designed to meet the nutritional needs of the population and to incorporate into it minimum amounts of food of animal origin. The components in the diet include a group of items termed "green leaves," which designate a number of indigenous vegetables often consumed by people in rural areas. People who have migrated to cities still eat these vegetables and represent a potential market for them. These green leaves include mainly bledo (Amaranths spp.), macuy or hierbamora (Solanum spp.) chipilín (Crotalaria spp.), and others. However, the diet also includes yellow vegetables, included on the basis of their relatively high carotene content, to increase provitamin A intake [3] and thus diminish deficiencies of this nutrient in the Central American diet. Not excluded are other horticultural crops. Classical sources of energy are also included, such as potatoes and cassava, which can be replaced by yams, bananas, or plantain. In most rural areas in Central America, it is not difficult to find animals living close to the household. Although hens and chickens are most common, swine and cows are also found. These may serve as sources of income as well as provide food for the family.
One of the limitations of the diet is that not ail of its items can be grown at the specific ecological site, and obviously those not produced there must be purchased elsewhere. It is important, therefore, that food items be interchangeable.
The diet can be criticized from other points of view, such as the difficulty or high cost of producing animal food items; but this criticism should be evaluated after looking into the possibility of producing them at the farm level.
THE COMPONENTS The High Protein Food
The idea of incorporating a high-protein food as a component of a diet as described in table 1 is related to the possibility that animal food products may not be readily available throughout the year, as well as to the cost of the diet. There are, of course, a relatively large number of possible formulations for high-protein foods; the one that was introduced in the integrated agricultural production system (to be described later on) is based on a blend of corn and soybeans [4, 5] . A high-quality food results from mixture of whole soybeans and corn mixed in a 30:70 ratio as presented in figure 1 . As shown, the protein quality of such a blend is higher than the protein quality of its individual components. This blend can be produced at home using the traditional technology to cook corn for tortilla preparation; it contains around 18 per cent protein and 8 per cent fat with 410 kcal/100 9 [4] . A further advantage of the formula and the process used is that it can be blended with corn mesa [4] in a 1:1 ratio by weight, producing a food with 15 per cent cooked whole soybeans and 85 per cent corn, making a high-quality tortilla with good eating characteristics [6] . There are other possibilities such as blends based on corn and beans [7] , but these are not likely to be used because they constitute the main staple of the diet. Sources: Braham et al. [10] . De Souse et al [9] .
Animal Food Products
Animal food products are known to be foods of high nutritional quality, and therefore they need not be discussed in this article. The only point to be made is that because of their exceptionally high quality, they need not be consumed in large amounts. Different products also have a similar essential amino-acid content, and can thus be easily interchanged without altering the nutritional value of the diet. The results show an expected improvement in the quality of the diet, as demonstrated by the higher nitrogen retention values [8] . A similar effect is observed in table 3 upon addition of 3 g of milk daily to a corn/bean diet [9, 10] . When this amount is provided only every two days the performance of the animals decreases, showing that frequency of supplementation is important. Upon conversion of the optimum levels of animal protein into minimal actual units to be consumed daily, the figures obtained from the example shown, as well as others [11] are: 50 to 60 ml of milk per 100 g of dry food per day; 30 g of chicken meat per 100 g of food per day; and 14 g of fish per 100 g of food per day. The only condition is that they be consumed daily.
Food Legumes
One of the main ingredients of the diet is the common black bean, the preferred food legume of the Guatemalan population. Two types are produced, those of determinate growth and those of determinate growth. From the diet's point of view either type plays the same role; however, for the model to be presented, the undeterminate type was grown, since it can be intercropped with corn. Thus beans can be interchanged, not only between cultivars of the same species, but also between different species, since their chemical composition and protein quality are similar [12] . However, it should be pointed out that immature beans are nutritionally superior to mature seeds of the same species. This is shown in table 4, where immature pigeon peas, both raw and cooked, have a higher protein quality than mature seeds. This of course opens up options for production and consumption [13, 141 , as part of family gardens. The supplementary value of common beans and other food legumes to cereal grains is also alike, as represented in figure 2 [12, 15] . 
FIG. 2. Protein quality of cereal grain/food legume mixtures

Indigenous Green Leaves
The indigenous green leaves-bledo, hierbamora, and chipilin-merit some discussion. Table 5 shows the partial chemical composition of these materials, as well as the essential amino-acid pattern. Protein content on a dry weight basis is around 30 per cent and the food contains close to 10 per cent crude fibre [16] . The essential amino-acid content is relatively good compared with the FAO/ WHO pattern [17] . All the green leaves are good sources of Iysine, although deficient in sulphur amino-acid content. Furthermore, they also contain high amounts of carotene and other water-soluble vitamins as well as essential minerals [18] . The sulphur aminoacid deficiency is readily apparent in the results of table 6, in which a significant improvement in protein quality takes place upon methionine supplementation [16] . Finally, it is of interest to show that the use of these leaves, as exemplified by the use of amaranth leaves as a supplement to a 90 per cent corn and 10 per cent bean diet (shown in table 7), improves the nutritional quality of the diet [16] . The supplementary effect takes place, whether or not supplemental vitamins and minerals are added to the basal diet, and this effect was interpreted to mean that the green leaves can serve as a source of various nutrients.
Potatoes and Other Root Crops
There are a number of root crops which can be produced; however, the potato would be the root crop of choice. Although its protein content is low, its quality is high. Table 8 shows some results of an evaluation in which potatoes, cassava, and plantain were fed with black beans and evaluated in adult human subjects and rats [19, 20] .
The results show excellent values for the bean/potato combination and low values for cassava and plantain; nevertheless, these last two foods are traditionally eaten by the people and should therefore be included in the diet. Table 8 indicates that people who eat them also eat more supplementary proteins, such as beans.
Cereal Grains
With respect to cereal grains, it is difficult to find one environment which will produce all of them; however, because of the similarity of their nutrient content, they can be interchanged without major change in the nutritive value of the diet, the more so when they are part of a mixed diet. Figure 3 shows the protein quality values of mixtures of the three cereal grains selected. Rice, having a better quality, improves the quality of corn and wheat, but this can be observed only when the grains are tested by themselves and not as components of the diet [21] . The diet is probably high in wheat products, owing to the well-established tendency for higher consumption of these foods Programmes have been developed to reduce as much as possible the consumption of wheat when it has been made into extended flours.
THE QUALITY OF THE DIET
The ingredients shown in table 1 were processed as they would be at home, and then blended to form a food composite. Batches of the composite were analysed for various nutrients and the rest was used to run biological tests. Some of the important results are shown in table 9. The diet varies between 12 to 14 per cent protein. Its protein quality is 81 per cent of the value for casein, and if supplemented with milk or eggs it reaches quality values similar to the reference protein [22] . 
THE INTEGRATED AGRICULTURAL PRODUCTION MODEL FAMILY FARM
Based on the composition of food ingredients shown in table 1, one hectare of land located at 1,500 m above sea level was used for the initial food production test. The land allocation to the various crops was based on average yields as reported for the whole country of Guatemala, in accordance with the amounts needed in the diet. The soil at the experimental site is heavy clay, with an annual precipitation of 1,400 cm from May to late October. After the area had been ploughed, 8,700 kg of chicken manure were spread as evenly as possible, and then incorporated into the soil. The land allocation to the various food crops and animals is shown in figure 4 ; of the total area, 9,280 m 2 were allocated to corn, climbing black beans, and two types of pumpkins indigenous to the area. White corn was planted using three grains per hill at a distance of 80 cm between hills and 180 cm between rows. A total of 11 kg of an open pollinated selection locally adapted was used. Forty days after the planting of the corn, each hill of corn was also planted with black beans, using two seeds per hill. The corn plants were about 60 cm high. The pumpkin was planted 21 days after the corn, at intervals of 70 cm, the two types alternating in the same row. A total of 85 g each of seed was used. At this altitude these crops take from seven to eight months to be harvested. Soybeans were also planted over 500 m 2 to provide the protein/energy ingredient of the high-protein food and also a protein supplement for the chickens and hens included in the model. Each hill received three soybean seeds at intervals of 20 cm with 1 m between rows. A total 21,560 g of seed were used. Various horticultural crops were planted twice in the growing season in 150 m 2 , and in 53 m 2 a cow-calf combination, 6 hens, and 44 chickens were kept, as well as two orange trees which were there already. Finally, 17 m 2 were assigned to the production of potatoes. Records were kept of all costs throughout the growing season, as well as of the amounts of milk and eggs produced. All materials harvested were sold and, after completion of the study, the total expenditures were subtracted from all sales and corrected for the money value of foods consumed by the family of five based on the average diet. The results in table 10 indicate total production of foods from the one hectare of land as well as the amount of food held by the family for consumption. In this first trial some miscalculations were made. The family needed, for example, 87.6 kg of chicken but only 76.4 kg were produced. Although nutritionally this difference can easily be compensated for with milk or eggs, it will be corrected in future trials. Although there is nothing wrong with the land allocated to corn production, this can be reduced for other crops. One aspect which is of interest is the very large horticultural crop produced, as shown in table 11. The important point revealed by these tables is that one hectare of land as used can produce almost all the food items in the diet and still leave a surplus to feed other people. In this trial, no records were kept of by-products from the vegetable crops or animals, though these will be taken into consideration in future trials since they can be very useful in the integrated model, for example in the production of biogas and organic fertilizer. Agricultural residues, the primary by-product, can be used as animal feed.
The economic balance of this first trial is shown in table 12. Total expenditure was US$1,679.78, which included the cost of the cow and its calf as well as the feed which had to be purchased in this first year. The sales of the products are also shown in table 12, with a total of $3,149.03. Items providing over 15 per cent of the total income included milk, corn, and the two vegetable harvests. This, of course, could represent a problem for the adoption of the system, since the farmer would certainly prefer to produce crops or products giving him an increased income. The total amounts of food consumed by the family of five amounted to $1,036.70 from all food items produced based on the diet. This left the farmer with a net income of $432.55. This amount is of course low and will not allow him to purchase other food items listed in the diet and the other material things which he would like to purchase for the family. A tentative figure of 3.5 ha was established as more likely to give him a satisfactory income. The trial showed that it was possible to produce from one hectare of land well over 80 per cent of the food items needed by a family of five and to supply the recommended nutrient levels, while respecting the family's dietary habits and providing enough variety for the food to be attractive and palatable. However, in order to make such land so productive requires the farmer to have a certain amount of knowledge and education, access to home economic programmes, help during periods of the growing season, economic resources to purchase the needed starting materials, and markets for his surplus.
The model, though, permits the introduction of many variables and schemes which deserve continuing study. There are, obviously, other activities which could be incorporated into the production system, such as the use of animal excrement for biogas production; this could lead to a reduction in the amount of firewood needed for cooking or food preparation. The excrement could also be used as organic fertilizer for horticultural crop production.
A small fish pond could be introduced and the crop residues, if not incorporated into the soil, could then be fed to ruminants. However, these additional activities should only be introduced more experience is gained on intensive diversified production.
These activities are designed to be undertaken by the male member of the family, but the woman and children in the household probably need to share in the system if it is to be efficient. The woman could look after the small animal components, as she does, in fact, at the present time. Education programmes which teach her such techniques as food preservation at home will also ensure the household a continuous availability of foods that it is not possible to produce during the dry season. In the past the emphasis has been on optimizing the efficiency of various activities and components of the production system, without much consideration of the human factor; the role women can play in optimizing the overall food chain system has been ignored.
During the last 50 years, many solutions have been proposed for the eradication of malnutrition and specific nutritional deficiencies, and a large number of these have a base in integrated agricultural production systems. What remains to be done probably lies more in the social and economic area than in the technical field of agriculture.
